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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
There is a great interest in creating optical integrated circuits (OIC’s) or 
photonic integrated circuits (PIC’s) that are capable of switching optical rather than 
electrical signal. The fundamental difference between existing optical networks and 
future all-optical networks is illustrated in Figure 1. 1. Current data networks 
typically handle several signal formats by transmitting optical signals over long 
distances via single-mode fibers and performing data manipulation, such as 
switching and filtering, on electrical signals. Therefore, current networks require an 
optical-electrical-optical (OEO) signal conversion step, one that is costly in terms of 
network speed, bandwidth, power consumption, hardware complexity, and signal 
integrity (noise). All-optical switching refers to the direct manipulation and routing 
of optical signals without the need for an intermediate conversion to electrical signals 
before switching takes place.  
 
 
It is expected that future networks will avoid the OEO signal conversion step 
by performing all data manipulation directly on optical signals, thereby greatly 
increasing network performance. The field that will enable all-optical data 
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manipulation is referred to as integrated optics. It is envisioned that integrated optical 
circuits will eventually reach a complexity similar to that of very large-scale 
integrated (VLSI) electronic circuits where this electronic circuits will be replaced by 
photonic circuits. With photonic technology, devices are no longer limited only to 
the silicon wafer and often require broader functionality than can be offered on this 
traditional platform. Recently, polymeric optical waveguide are becoming 
increasingly important because of the functionality and complexity that can be 
fabricated reliably at low cost with high manufacturing output. 
 
 
This project discusses the fabrication and loss characterization of polymer 
based optical waveguide. Slab waveguides were fabricated by deposition of polymer 
onto substrate to form a film layer and spinning the substrate on the spinner to spread 
the layer evenly. Different thicknesses of slab waveguide are realized by using 
different spin speed. Photo BCB is used as a polymer material and the loss was 
measured by using prism coupler technique. The behaviours of these polymer 
waveguides are then investigated with respect to temperature and water to see its 
stability. The next section in this chapter presents the objectives, scopes and research 
methodology of this thesis. Description of thesis outline is presented at the end of 
this section. 
 
 
  (a)      (b) 
Figure 1.1: (a) optical-electric-optical (OEO) and (b) all optical datalink.  
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1.2 Objectives 
 
 
i. To fabricate polymer slab waveguide and acquire the experience on the 
fabrication process 
ii. To setup measurement system in order to determine the attenuation of polymer 
based optical waveguide 
iii. To identify possible polymer material for the purpose of developing a polymer 
based optical waveguide 
 
 
 
 
1.3 Scope of research 
 
 
i. To understand fundamentals of related areas including optical waveguide and 
optical measurement technique. 
ii. To study properties of cyclotene 4024-40 photo polymer from the given 
specifications. 
iii. To understand and practice in house fabrication process of slab waveguide. 
iv. To setup a measurement system. 
v. To measure loss of the fabricated slab waveguides using setup system. 
vi. To test the waveguides stability towards thermal and water 
vii. To analyze measured results. 
 4
1.4 Methodology 
 
 
Two main stages are employed in order to fulfill the objectives of this project. 
The first stage is to acquire the basic knowledge about optical waveguides. Journals 
and papers will be referred to enhance the understanding and to get the overview of 
the projects. The second stage is to concentrate in exploring the important 
characteristic in designing optical devices. In order to design an optical device, there 
are many criteria that need to be considered such as the material that we want to use, 
the application of the optical devices and how much cost is needed to design it. This 
is followed by understanding the actual fabrication process of a polymer based 
optical waveguide. There are many important properties to determine the quality of a 
waveguide such as its attenuation, refractive index, birefringence, thermo optics 
coefficient and thickness. This project is focused on the attenuation of polymer based 
slab waveguides.  Therefore simple measurement system based on the prism 
coupling technique is developed. All results are collected and analyzed, and the 
performances of these waveguides are then evaluated. Lastly, a report will be written 
which composed of all findings, results and conclusion. 
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1.5 Thesis Outline 
 
 
This thesis is organized into 6 chapters. Chapter 1 discusses the general 
explanation of polymer based optical waveguide, coupling method and the 
application of this polymer waveguides in the industry. The objectives that need to 
Collecting Data and Analyzing 
Report Writing 
Setup measurement system 
Validation of finding 
Literature Review 
Fabrication of Slab Waveguide 
Meet the quality? 
Yes 
No 
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be achieved, the scope of research and the methodology used in this project are also 
described in this chapter. In chapter 2, the theory of planar slab waveguides is 
reviewed. These includes the derivation of mode in slab waveguides, the losses that 
encountered in the optical waveguides and some of the measurement methods that 
are used to measure loss of optical waveguides. At the end of this chapter, it will 
discuss the polymeric optical waveguides, its material characteristic and the 
applications.  The fabrication process of slab waveguide is explained in chapter 3. 
Details of every stage are clarified here. Prism coupler which is the method used in 
this project is described in chapter 4. In chapter 5 the results from the measured data 
are presented and analyzed. Finally the conclusions of the research will be drawn and 
some suggestions for further work will be recommended in Chapter 6. 
 
 
